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Abstract
An excavator-based integrated yarder-processor was evaluated in a clearfelling in central 
Norway. The machine is unique because, as it uses a running skyline setup, yarding and 
processing cannot take place simultaneously as is the case with many European integrated 
tower yarders. Felling productivity was 10.6 m3 E15h-1, yarding 9.2 m3 E15h-1 and processing 
10.9 m3 E15h-1. Given that yarding and processing take place alternately accounting for 54% 
and 46% of a system hour, the overall system productivity was 4.9 m3 E15h-1 (processed and 
stacked). The processing rate was approximately 30% of what is achieved by single grip har-
vesters, indicating the effect of space limitations, a possible over-dimensioned processing head, 
and the need to simplify the assortment list under such conditions. An increase in processing 
productivity would require a second feller-chokersetter in the crew, although neither would 
then be used to full capacity. Un-choking alone accounted for 19% of the yarding cycle time 
and might be reduced by applying self-releasing chokers. System productivity needs to be 
increased by 30–50% to make it competitive. Much of this could be achieved simply by deploy-
ing the machine in stands with larger mean tree volumes than those observed (0.27 m3).











with	a	 competitive	advantage	on	 shorter	 corridors	
where	higher	rigging	times	are	not	justified	by	the	lim-
ited	volume	 extracted,	 and	 (iii)	 local	 and	 seasonal	
availability:	 excavators	 are	 relatively	 low	 cost	 and	
readily	available	base	machines	that	have	a	range	of	











vesters	 and	 cable	 yarders	 (Johansson	 1997).	 Their	
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Fig. 1 Distribution of trees to volume intervals
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2. Materials and methods






































Table 2 Technical information on the base machine and processing head
Base machine Processing head
Model Doosan DX210W Model Zöggeler ZBH58
Mass 20,500 kg Mass 1,480 kg
Motor Doosan 6 cyl. 6 liter Maximum cut diameter 70 cm
Rated power (gross) 127 kW at 2000 rpm Optimal oil supply 300 l min–1
Hydraulic pumps 2x232 l min–1 Loading grapple 150 cm/0.7 m3
Table 1 Technical information on the winch
Manufacturer Zöggeler Forsttechnikk (http://www.zoeggeler.at/)
Drums 3, hydrostatically driven with auto-tensioning 
Haulback line 500 m, 11 mm
Mainline 250 m, 11 mm 
Slackpulling line 500 m, 6 mm (also used as rigging winch)
Line speed Max 4 m s–1
Carriage Zöggeler carriage with slackpulling capacity
Carriage mass 150 kg
Fig. 2 The Zöggeler yarder at work on the study site
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cycles	 started	 and	 ended	 when	 the	 tree	 hit	 the	
ground,	 and	 included	 elements	 such	 as	 moving,	










































Fig. 3 Illustration of the 3-drum inline winch and hydraulically lifted 
tower with butterfly pulleys mounted on the boom, as well as the 
(A) slackpulling line, (B) mainline and (C) haulback lines (Copyright 
Zöggeler Forsttechnik)
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Table 3 Means and standard deviations (in parentheses) for all work elements and numerical variables measured in the field study
Felling (n=217) Yarding (n=149) Processing (n=254)
Move to tree, s 18.3 (16.2) Haul-out, s 27.2 (8.7) Prepare, s 17.1 (14.8)
Haul distance, m 75.4 (28.7)
Clear brush, s 4.4 (6.6) Lateral-out, s 23.2 (9.6) Process logs, s 45.0 (25.4)
Lateral distance, m 6.5 (3.9) Logs per tree, n 2.9 (1.4)
Prepare, s 11.4 (15.9) Choke, s 24.8 (14.7) Residue handling, s 2.8 (2.7)
Trees per load, n* 2.27 (0.99)
Cut, s 35.9 (22.8) Lateral-in**, s 35.5 (18.1) Stacking logs, s 17.6 (45.1)
Wedge, s 11.3 (8.6) Haul-in, s 58.7 (24.9)
Un-choke, s 42.2 (11.2)
Time tree–1, E0s 81.3 (70.2) Time load
–1, E0s 212 (59.8) Time tree
–1, E0s 82.5 (109.5)
Delay time, s 10.2 (56.3) Delay time, s 27.8 (113) Delay time, s 5.8 (5.3)
Time tree–1, E15 s 91.5 (118.5) Time load
–1, E15 s 240 (131.6) Time tree
–1, E15s 88.3 (120.9)
Trees, E0 hr
–1 44.3 Trees, E0 h
–1 38.6 Trees, E0 h
–1 43.6
Prod. m3, E0 h
–1 11.9 Prod. m3, E0 h
–1 10.4 Prod. m3, E0 h
–1 11.7
Trees, E15h
–1 39.3 Trees, E15h
–1 34 Trees, E15h
–1 40.8
Prod. m3, E15h
–1 10.6 Prod. m3, E15h
–1 9.2 Prod. m3, E15h
–1 10.9
* Movement between multiple trees during choking was accrued to lateral-out time
** Lateral-in is not a discrete element when winching with a running skyline as the load is hauled tangentially toward the yarder, and not to the corridor centerline 
first.  In this study, lateral-in was used to record the break-out process, i.e. the time taken to get the load into motion toward the tower, thereby maintaining integrity 
of the distance based haul-in component
Fig. 4 Carriage travel time as a function of distance, where haul-in 
is travelling under load toward the yarder, and haul-out is travelling 
empty out into the stand
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Table 4 Regression model parameters for felling
Coefficients Standard error t stat P value
Intercept b0 43.09 4.89 8.80 <0.001***
Treesize 2 b1 16.17 7.28 2.22 <0.05**
Treesize 3 b1 42.34 12.01 3.52 <0.001***
Wedge (1) b2 41.59 7.28 5.71 <0.001***
R-squared 0.35
Adjusted R-squared 0.34
F-statistic 29.8 (on 6 and 162 DF) <0.001
No. observations 217
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Fig. 5 Processing time (E0s) per log, by tree size category and log sequence in the stem. The lines represent logarithmic approximations of 
processing productivity rates achieved by tree size and log sequence, as read against the right hand vertical axis in m3 E0h
–1is travelling under 
load toward the yarder, and haul-out is travelling empty out into the stand
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Table 5 Regression model parameters for yarding
Coefficients Standard error t stat P value
Intercept b0 73.6 12.78 5.76 <0.001***
Hauling Distance b1 1.17 0.11 10.35 <0.001***
Lateral Distance b2 1.61 0.82 1.97 <0.01.
Trees/Cycle b3 19.19 3.28 5.85 <0.001***
R-squared 0.56
Adjusted R-squared 0.55
F-statistic 51.59 (on 3 and 121 DF) <0.001
No. observations 149
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Fig. 6 Distribution of the system hour to yarding, and the slowest 
of processing/felling
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processing	head,	but	 the	 controls	 for	 the	Zöggeler	






























centreline,	 and	 so	was	 productive.	 By	 comparison,	
Stampfer	et	al.	(2006)	show	how	a	small	tower	yarder	





timates	 indicate	 required	hourly	prices	of	 roughly	
Table 6 Regression model parameters for processing
Coefficients Standard error t stat P value
Intercept b0 19.07 3.31 5.94 <0.001***
Treesize 2 b1 6.39 3.407 1.88 <0.1.
Treesize 3 b1 30.26 6.07 4.98 <0.001***
Number of logs/tree b2 12.80 1.21 10.16 <0.001***
R-squared 0.52
Adjusted R-squared 0.51
F-statistic 91.5 (on 3 and 250 DF) <0.001
No. observations 254
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Fig. 7 Sensitivity analysis showing potential system productivity in relation to relative increases or decreases in yarding or processing/felling 
productivity
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